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ABSTRACT 
 
This paper describes a User-Centred Design approach to new product development applied 
through a partnership between the Department of Design and Technology and a Small to 
Medium Enterprise (SME), Eze Drive Limited.  The partnership enabled the SME to gain 
access  to  advice  and  technology.    This  provided  an  opportunity for  academic  staff  
and students to apply theoretical models and practices within a live project.  This case 
study highlights the need for such collaboration and demonstrates the potential benefits 
that can be gained by both parties.  The case study illustrates the use of value analysis and 
quality functional matrix.  It shows the way in which the product was reviewed and 
redesigned ready for pre-production prototyping within one week. 
 
 
1     INTRODUCTION 
 
It is commonly acknowledged that a good working relationship between Academia and 
Industry is highly desirable – both to ensure that academic research and training maintains 
a close relationship with industrial practice, as well as to enable companies to have 
access to new methods, ideas, and insights.  The Department of Design and Technology, 
Loughborough University, regularly undertakes such mutually beneficial collaboration. 
 
The employment of a professional design consultancy often presents a major cost factor 
to SMEs.  In this project, the company required a re-design of an existing automotive foot 
pedal extension to be fitted into a particular mainstream vehicle (Vauxhall Astra).  Whilst 
previous products had been produced through small batch production (<2000 units), the 
new product needed to fulfil the requirements of medium to large batch production (>5000 
units).  The company therefore needed advice on material and process selection.   
Moreover, it was intended  that  the  new  product  would  facilitate  convenient  fitting  
and  removal  of  the extension.  It had to conform to the styling of the car manufacturer, 
needed to be visually unobtrusive, and appeal to the target market.  The target users 
were people of small stature who required a safe distance between themselves and an air 
bag system. 
 
There is a gap in support given to Industry by Government and Academia.  When start-
up companies have come up with concept proposals, they frequently lack resources to 
improve and develop the product ready for manufacture.  The design concept is often 
underdeveloped for investors to risk taking it through to the next phase of development.  
Moreover, companies face major financial risks in carrying out research and development 
from a concept and idea stage through to a commercial realisation.  Universities can kick-
start the early stages of concept development – by helping the company through advice.  
The aim is to facilitate the development of a product that attracts capital investment that 
will take the product to the market.  Through undergraduate and postgraduate student 
work, Universities can provide a resource that is unavailable within an SME’s new product 
development budget.   For undergraduate industrial design students it is vital to have 
access to design problems, through which commercially based experience can be gained. 
Research and lecturing staff can provide support to students. 
 
The Department of Design and Technology is involved in supporting new business through 
shared risk.  SMEs gain a new product within a limited Research and Development (R&D) 
budget.  The company will provide only basic cost (e.g. materials, temporary employment 
of a student) which is a small percentage of the commercial rates for a consultant 
design and development team.  In return, the company must agree to academic 
publication of the results within a six-month period.  The Department gains current 
industrial information for research and training purposes whilst maintaining a presence 
within the field.  This mechanism for collaboration enables the Department to be involved 
in developing efficient and effective methods of new product development from concept 
to market.  It should be noted that this form of collaboration is reserved for small 
businesses and start-up companies. The philosophy behind this initiative is to introduce 
new companies or individuals with an idea or invention to appropriate methods of new 
product development, in order to ensure sound economic decision making when reviewing 
the commercial viability of the product.  This activity does not fit into commercial R&D 
rates, and so does not compete directly with a design consultancy, and complements 
business advice from business link and innovation centres.  SMEs have to fit within 
academic time schedules, which can be very restricting for a larger company but is less 
problematic for a start-up company. 
 
 
2     THE AIMS OF THE PROJECT 
 
Eze Drive Limited is an SME with a very limited budget for R&D.  A product opportunity 
was identified by the company, who was not in a position to take it further.  
Loughborough University was approached with the task to develop and modify an existing 
product – an automotive control pedal extension set that can be fitted into cars, designed 
for smaller members of the community who commonly experience difficulties in reaching 
the pedal controls.  It provides additional distance between the driver and the steering 
wheel mounted air bag.  The need for a safe distance between driver and the airbag has 
been highlighted through the published research and popular media, where drivers have 
been injured due to the rapid inflation of the airbag.  The product is specifically aimed at 
people below 5th %tile of stature of a documented UK population, and a certain disabled 
groups of people. 
 
The company Eze Drive Limited was familiar with the market and could pass on information 
about users to the Department, which formed the basis for a product design specification 
(PDS).  The market information was based on the main author and the company’s 
experience in the area.   The company had already gained feedback from users on a 
prototype, but required the re-design of the existing configuration.  The Department 
was able to assist the company with the production detailing within the context of a user-
centred approach, with its knowledge about all the different stages of the process to get 
from concept to commercial conclusion, including design ergonomics and production 
engineering. 
 The product was being manufactured using small batch production methods.  Sub-
contractors produced some of the parts.  The combination of fabricated steel, fasteners 
and turned steel components made it heavy and expensive to produce, when compared 
with injection moulding or die-casting. Because the pedal extension is part of the control 
interface of a potentially hazardous product, it should not slip off the pedal, bend or break. 
It therefore had to be robust due to of the forces placed onto it, and remain firmly in a 
plane using a semi- permanent connection. To fit the extension to a range of car models, 
the original design required multiple parts due to foot pedal shapes being variable – making 
the design more complex, more expensive, and adding weight.  The combined weight of 
the original pedal extension and the standard pedal exceeded the strain put onto the 
pedal spring, thus keeping the pedal depressed without further force from the driver’s 
foot.  The company currently fits their own design with a modified spring on the end of the 
foot pedal leaver to compensate.  In order to avoid the need to replace pedal return 
springs, and to provide an off-the-shelf fit, a reduction in weight was required. 
 
To decrease the weight of the extension, it needed to be specifically designed for a certain 
car model.  If designed for a particular foot pedal shape, the number of parts for the 
extension kit could be substantially reduced.  Consequently, the extension set needed to 
be modified to fit the foot pedals of a particular main stream manufacturer, chosen for 
its popularity.  The aim of the original brief was to further develop the existing control 
pedal extension set, ready for large batch production, and a target manufacturing cost of 
£30.  The brief included the following objectives: 
• benchmark existing products; apply value analysis methodology to reduce the 
number of components; 
• identify a number of manufacturing options for the production of the solution, and 
associated materials; identify original equipment manufacturers or sub-contractors 
who can supply or manufacture required components; 
• provide a design solution to assist in the quick release of the extension, which 
has visual empathy with the styling of the mainstream car manufacturer for 
which it was intended, and that is visually unobtrusive. 
All dimensions, location over the existing foot pedal and the configuration of the extension 
foot pedal for the new design, were to be based upon the given existing product.  A set of 
foot pedal controls of the mainstream car manufacturer, provided by the company, were 
used to detail the exact dimensions of the new extension. 
 
3     PEDAL CONTROL CONCEPT DEVELOPMENT 
 
3.1    Benchmarking 
 
A literature search and review was conducted, primarily using the Internet.  An initial 
review of the world market did not uncover many similar products.  There were two 
companies found to be producing comparable products: 
 
• Gary E. Colle Inc., Poway, California, USA 
(1); 
• Easy Rider Pedal Extensions, Glendale, California, USA 
(2). 
 
Both products used a metal fabricated assembly, off the shelf fasteners and basic 
adjustment within the designs. Both manufacturers claim that their product will fit most 
cars and vans, with extra adjustment in the case of the Easy Rider extensions. The 
American market primarily caters for automatic-drive vehicles with a large brake pedal 
(approximately three times the size of a manual brake pedal).  Both US products rely upon 
fitting over the existing foot pedal for location.  One of the manufacturers was marketing 
within the UK. From available literature, it seemed that the US products were to be fitted 
by the user. The US system of location assembly and methods of production were very 
similar to the current UK product, being universal but relying on a skilled fitting. The scope 
for a market extension into the US with a similar philosophy needed to be considered. 
This was based on the idea to specialise on a particular model, to produce a lightweight 
extension, and to make it easy to fit for home use. 
 
3.2    Value analysis of the existing design 
 
Value analysis method is used to analyse the components of an existing design regarding 
both the cost and the value of each element regarding its functionality. By rating cost in 
comparison to value, the method aims to systematically eliminate parts that are not 
needed to simplify the construction, minimise production cost, and improve the product 
use (3), (4). The method was chosen because one of the main concerns of the project was 
the reduction of parts and the use of alternate materials.  Hence, the method assisted a 
user-centred approach to the product evaluation, providing information to be used within a 
quality-function matrix. 
 
 
 
Figure 1  Existing foot pedal extensions 
 
The existing design (see Figure 1) is fabricated from sheet steel, using off the shelf fasteners 
and replacement rubber control pedal pads.   The total cost, including powder finishing, 
assembly and packaging is £40.00 per set.  The set retailed at £89.99 through Eze Drive 
Limited, with around 2,000 units sold each year.  There are seven main components 
within the existing product, not including fasteners.  The brake and clutch pedal 
extensions weighed 
680g and the accelerator extension weighed 
637g. 
 
   
 
Figures 2 and 3 The concept pedal extensions in position within the specified car model 
 
To reduce weight and number of components, a design solution was developed that 
incorporated most of the fabricated bracket parts into one component (see Figures 2 
and 3). A single location and clamping pin was used to lock the extension over the 
existing pedal unit.  The proposed concept solution has three components per pedal 
extension.  There are two  configurations  of  extension  units,  one  for  the  brake  and  
clutch,  and  one  for  the accelerator.  The hardened steel clamping pin and lock nut could 
be used on all three designs. The weight of the new extension unit, without clamping pin 
and lock nut, is calculated to be 
330g.  The accelerator pedal extension unit is calculated to be 261g.  Both are around half 
the weight of the existing design.  The use of a single clamping pin enables easier 
location and fitting in comparison to the construction of the existing design.  The 
location and clamping function of the steel fastener and lock nut provide a secure fastening 
of the extension unit onto the pedal.  Over-tightening was avoided be specifying a fastener 
that provides visual (pressed down on to a washer) or audible (click) feedback to the user 
when the optimum pressure has been applied. 
 
To test the new extensions, a sketch model of the proposed design solution was fitted to 
the specified car model.  Fitting was easier than using the existing units.  It was 
recommended to the company that a detailed survey of the control pedals of the model 
range of the car manufacturer should be conducted.  This should be completed before 
committing to the next phase of product development – to ensure the dimensions used in 
the prototype would fit across the manufacturing tolerance of the Vauxhall Astra pedals. 
 
The market potential was reviewed in terms of safety, and regarding the ease of fitting.  
The time to fit the device was drastically reduced, as the construction was now held 
together by only one element.  The extension could now be fitted in approximately 2-5 
minutes, where the currently available designs take about an hour.  As it was vital that the 
device cannot slip off or break, the forces on the pedal were reduced – in particular taking 
the load at the top and on the back section of the pedal into consideration.  The extension 
was designed so that the mechanical loads are taken in both directions.  The pin merely 
assists in securing, without taking any load.   The configuration of the new design also 
allows for wear of the rubber pedals, by the wedge shape of the fixing bolt pushing the 
pedal support bar into the extension housing.  The extension enables an easy release that 
takes account of safety issues.  A quick release system was not used to ensure there 
could be no accidental release.  Hence, a semi- permanent fixing was specified, although 
an increase in fitting time was incurred. 
 
4     MANUFACTURING OPTIONS AND ASSOCIATED MATERIALS 
 
In order to produce a relatively complex bracket arrangement, four manufacturing 
options were investigated: (1) aluminum sand casting; (2) aluminum gravity die-casting; (3) 
structural foam injection moulding; (4) Computer Numerically Controlled (CNC) machining. 
The suggested aluminum grade to be used was LM25TF.  This grade has sound 
mechanical properties, is lightweight and strong. 
 
The concept design was produced to enable the use of a two-piece mould.  If structural 
foam injection moulding was utilised, a side core needed to be used on one side of the 
moulding – adding to costs.   The hole needed for the clamping pin could be drilled into 
the sand cast option.   A side core would be required for the gravity die cast option, 
adding cost to the mould tool.  The side core may be removed manually, rather than 
being set for removal via the mould machine.  This would reduce set up costs, but would 
increase handling costs per unit.  Costs have been obtained from three local companies, for 
comparison. A number of issues remain for further investigation by Eze Drive Limited, 
that depended upon information from suppliers and specific tests – including the cost and 
final specification of the clamp pin and lock nut, and the identification of the specific grade 
of aluminum to be used.  Further testing would be required regarding the mechanical and 
structural evaluation, to ensure the design would meet and surpass relevant safety 
standards and industry guidelines. 
 
5     THE OUTCOMES 
 
The outcomes of this work were documented in a report and presented to the company.  
They included: 
• one set of ‘sketch’ models, made of card and foam, that were used to demonstrate 
the ease of attachment to each control pedal; 
• CAD/Engineering drawings of the design 
solution; 
• an exploded view of the design 
solution; 
• a 
componen
t list; 
• a list of appropriate suppliers and subcontractors to supply 
components. 
 
6     SUMMARY AND CONCLUSION 
 
Universities can assist start-up companies in reducing the risks taken when investing into 
a new concept.   The expertise available through student work and guidance from 
University staff can contribute substantially to the development of new products where 
companies lack the resources for professional consultancy in the earliest phases of 
development.  Assisting small companies with further development of ideas to gain 
evidence about the success of their new product in the market encourages investment 
from other sources.  The rapid turnaround of this design project was only possible through 
close collaboration between stakeholders (i.e. manufacturer, user and designer). The  
outcome of this project has benefited both the company and a student industrial designer, 
which has provided a valuable case study teaching material. This paper, and other 
academic publications derived from this project, have provided a ‘technical story’ for the 
company.   This can be used as a marketing tool to be shown to potential customers by 
the company, as the research and publications behind the project increase the 
credibility of the product.  The success of the product developed to date ensured further 
co-operation between Eze Drive Limited and the Department of Design and Technology in 
the area of new product development. 
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